Abstract. The cocatalysts of various copper morphology modified TiO2 nanotube arrays (TNTs) were prepared by electrochemical deposition. The morphologies of the samples were investigated by SEM. The reductive and oxidative copper modification strongly reinforce TNTs photocurrent response in UV and visible light region, especially the later one shows higher catalytical activity in visible light from 610nm to 740nm. The reductive copper morphology consists of Cu and Cu2O, and oxidative one comprises Cu, Cu2O and CuO by photocurrent analysis. The flat band potentials calculated by Mott-Schottky curves move positive potential direction with the oxidation depth.
All the anodization experiments were carried out in a conventional two-electrode electrochemical cell under magnetic agitation condition at room temperature, with titanium foil as the anode and platinum foil as the cathode. The ethylene glycol solution containing 0.5 wt. % NH4F and 1.5vol % H2O was used as electrolyte. The anodization voltage was constant at 20 V with a direct current power supply. The anodization process was performed for 6h to obtain TNTs. After electrochemical anodization, the as-anodized TNTs were immediately rinsed with deionized water and then dried at 100°C. All samples were annealed at 450°C for 1.5 h to transform amorphous TiO2 to crystalline phase.
Copper and Oxides Electrochemical Deposition.
The as-prepared TNTs with exposed area 0.2826 cm 2 were inserted in 0.01 M CuCl2·2H2O alcohol electrolyte for 1 h adsorption. Then, the above TNTs were used as working electrode, a Pt foil as the anode, and a saturated calomel electrode (SCE) as the reference electrode in the electrolyte. A potential E = -6 V was applied in the three electrodes system until a total electricity Q = 0.01 C to reduce Cu 2+ into elemental Cu deposition on TNTs. This modified sample was named as TNTs-Cu-0.01C. Secondly, the TNTs-Cu sample were oxidized by potentiostat powered by a suitable anodic potential to the sample in supporting electrolyte (0.01 M CuCl2) for total electricity Q = 0.0001C respectively. The oxidized sample was denoted as TiO2NTs-CuOx-0.0001C.
Photo electrochemical Measurements.
The cyclic voltmmetry curves of TiO2NTs-Cu-0.01C was performed in 0.1 M Na 2 SO 4 solution. The scan potential is from -1V to 1V at a scan rate of 20 mV s -1 . The surface morphology of the prepared samples was characterized with field emission scanning electron microscope (FE-SEM, JSM-7500 F). The photocurrent response were measured in an improved three electrode electrochemical cell with a quartz window and 0.1M Na2SO4 as supporting electrolyte. A 450W Xeon lamp, a CT110 monochromator (1/8, Crowntech), and a potentiostat (PARSTAT2273, Princeton Applied Research, Oak Ridge, TN, USA) were also applied for electrochemistry measurements. The Mott-Schottky plots were performed with frequency 1000Hz and applied potential from -1V to 1V. The photocurrent spectrums vs. wavelength are showed in Fig.3 .The TNTs-Cu-0.01C indicates stronger photocurrent response in visible and UV light region compared to the TNTs. After anode oxidation, oxidative Cu modification strongly reinforces TNTs photocurrent response in visible light region, especially from 610nm to 740nm. 
Results and Discussion

Characterization of Samples
where I0, hv, Eg, A and n are fully discussed in [24] , and n=2 for the indirect transition of amorphous semiconductors. Fig.4 shows the photocurrent response vs. photon energy plots for TNTs with various Cu deposit from figure 3 transformation. Based on linear fitting, the characteristic Eg of various samples can be derived respectively listed in Table2. TiO2NTs, TiO2NTs-Cu-0.01C and TiO2NTs-CuOx-0.0001C all obtain the similar Eg1 about 3.1-3.2 eV, which are in accord with Eg of anatase TiO2 (3.2 eV) .The values of Eg2=2.1 eV and 2.14 eV in accord with Eg of Cu2O (2.2eV) is acquired by TiO2NTs-Cu-0.01C and TiO2NTs-CuOx-0.0001C, and the value of Eg3=1.6 eV in accord with Eg of CuO(1.7 eV) is detected by TiO2NTs-CuOx-0.0001C. Simultaneously the electrons on valence band can also transit to the condition band by the elemental Cu as the intermediate level [25] . This promotes the electron-hole pairs separation and enhances the use of visible light. Table  1 . The slopes of three straight lines are positive which illustrates the catalysts before and after modification are n type semiconductor. The Efb of TiO2NTs-Cu-0.01C(Efb=-0.09V) or TiO2NTs-CuOx-0.0001C (Efb=0.11V) moves to positive potential direction compared to TNTs (Efb=-0.23V), which infers the reducibility of electrons transition to conduction band of samples decrease [26] .The Efb moves to positive potential direction with the oxidation depth. 
Conclusion
The modification materials scatter in and upon the surface of TNTs. The reductive copper morphology consists of Cu and Cu2O by photocurrent analysis, and strongly reinforces TNTs photocurrent response in UV and visible light region. The oxidative one comprises Cu, Cu2O and CuO by photocurrent analysis, while also promote TNTs photocurrent response in UV and visible light region and especially shows higher catalytical activity in visible from 610nm to 740nm. The flat band potentials become more positive than TNTs after modification. 
